suggesting Hbx4 may be involved in development.
Homeobox (Hox) genes encode proteins with a highly conserved helix-turn-helix DNAbinding motif, the homeodomain, and function as transcription factors by directly binding to DNA sequences in Hox response elements. Hox genes have been known as important regulator in body segment during differentiation and development after being identified homeotic mutation in body segment disorder in Drosophila. However, recent studies have also focused on the role as modulator in proliferation and cell cycle 1, 10 . Because of their role as important regulator in embryogenesis and cell cycle, many researchers have struggled to find out target genes of Hox transcription factor. Therefore, we investigated function and action mechanism of hox gene in Dictyostelium discoideum. There are 14 predicted hox genes with one duplicate on chromosome 2. DdHbx-1 (wariai) and DdHbx-2 9 of them were already reported. We identified the hbx4 (DDB_G0272967), homeobox-containing gene 4, which encodes conserved homeodomain ( Supplementary Fig. 1a ) and prepared overexpression suggesting Hbx4 may be involved in development.
As developed, Hbx4 OE cells showed severe aberrant morphological structures in mound, slug migration ( Supplementary Fig. 2 ) and fruiting body (Fig. 1a) . The Hbx4 OE cells formed large loose aggregates, which did not enter tight aggregate stage (Fig. 1a) . And a large aggregate was separated into many small aggregates, which became tips and fruiting bodies independently. Furthermore, they became short and stubby slug, which is made of almost prestalk cells (Fig.1b) . And fruiting body of Hbx4 OE was composed with short stalk (Fig. 1b) , clear sporeless-sorus (Fig. 1a) and huge basal disc consisted of rearguard and pstB cells, which could not participate in fruiting body and anterior-like cells (Fig. 1b) . To determine whether Hbx4 is involved in cell-type proportioning, northern blot analysis was performed. In Hbx4 OE cells, prespore/spore-specific genes were not expressed at all while expressions of prestalk genes increased (Fig. 1c) , which is consistent with the morphological analysis. In contrast, hbx4¯ slug was composed with increased prespore and decreased prestalk cells but they were able to produce mature fruiting bodies which have spores (Fig. 1a, b) . Taken together, Hbx4 may regulate the sorting of prespore and prestalk cells, or the signal transduction pathway regulating prespore/prestalk differentiation directly or indirectly.
In suspension culture, we observed that single cells of Hbx4 OE were larger and grew slower than KAx3. To address the possibility that this phenomenon results from cytokinesis defect, we performed co-immunostaining with DAPI for DNA and TRITC-phalloidin for Factin as described in method. In suspension, Hbx4 OE cells produced large multinucleate cells and hbx4¯ cells showed mono-or dinucleate similar to KAx3 (Fig. 2a) . The distribution of Factin was also polarized in KAx3 and hbx4¯ cells cortex, but it was depolarized in Hbx4 OE cells (Fig. 2a) . Moreover, the rate of increase in cell number was significantly lower in Hbx4 OE cells and slightly higher in hbx4¯ cells than that of KAx3 cells ( Supplementary Fig.   4a ) while the rates of increase in cell mass monitored as the turbidity of the culture were similar in KAx3, Hbx4 OE and hbx4¯ cells ( Supplementary Fig. 4b Supplementary Fig. 6a ). These findings indicate that the overexpression of Hbx4
downregulates cadA expression and diminishes biological activity of DdCAD-1. It has been known that cadA expression is stimulated by cAMP pulses via G protein-dependent pathway 27 .
However, in Hbx4 OE cells cadA was not induced, even though Gα subunit (gpaB) was activated by cAMP ( discoideum.
To obtain a more precise view of regulatory mechanism by Hbx4 and DdCAD-1 in cytokinesis, proteomic analysis of KAx3 and Hbx4 OE cells was performed ( Supplementary   Fig. 7 ). RhoGDI1 (Rho GDP dissociation inhibitor1) and ABP34 (34 kD-actin bundling protein) were reduced in Hbx4 OE cells compared with KAx3. Furthermore, rdiA and abpB encoding RhoGDI1and ABP34 15, 16 , respectively, were derepressed by DdCAD-1 overexpression (Fig. 2b) . And we observed that constitutively expressed RhoGDI1 also induces abpB (Fig. 2e) and most of induced abpB were localized in cortex of dividing cells, which coincide with the localization of F-actin ( Supplementary Fig. 8 ). During development, the expressions of rdiA and abpB were also regulated by Hbx4 (data not shown 
METHODS SUMMARY
Dictyostelium cell culture and strain construction. The details of cell culture and strain construction can be found in the Supplementary Information. 
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